SUMMARY From the Seattle Heart Watch angiography registry, the baseline characteristics and late survival of 77 patients who sustained operative infarction (new Q waves) with myocardial revascularization were compared with 1790 patients who underwent coronary artery bypass without perioperative infarction. With One of 77 patients with perioperative infarction and four of 1790 patients without infarction were excluded from the analyses because of lack of follow-up information. Follow-up was up to 8 years (mean 5.7 years). Differences in distribution of discrete variables between patients with and without perioperative myocardial infarction were tested using the chi-square test or Fisher's exact test when an expected frequency was less than 5. Comparisons of continuous data for differences in means between the two groups of patients used the two-sample t test. A logistic regression analysis7 combined the most promising discrete and continuous variables from the univariate analyses in a multivariate model to identify preoperative variables predictive of perioperative myocardial infarction. Differences in survival of the perioperative infarction and nonperioperative infarction groups were compared using the Mantel-Haenszel-Cox statistic.8 Cox's regression model for survival analysis" was used to test the effect of perioperative infarction on survival while adjusting for other variables known to be predictive of survival.6
SUMMARY From the Seattle Heart Watch angiography registry, the baseline characteristics and late survival of 77 patients who sustained operative infarction (new Q waves) with myocardial revascularization were compared with 1790 patients who underwent coronary artery bypass without perioperative infarction. With the exception of coronary collateral vessels, which were less frequently seen in the patients with perioperative infarction, no baseline or operative characteristic distinguished between the two groups. Late survival was clearly adversely affected by perioperative infarction. Five-year survival was 76% in patients with perioperative infarction, compared with 90% in those with no perioperative infarction.
THE EFFECT of perioperative myocardial infarction during coronary artery bypass grafting on late survival is controversial. Some studies suggest no difference in late outcome;1 2 others report a significant deleterious effect on survival in patients with this complication. [3] [4] [5] In this study, based on data from a large registry of patients who underwent coronary artery revascularization, we investigated survival differences between patients with and patients without perioperative myocardial infarction. Also, we tried to determine if patients likely to have perioperative infarction could be identified preoperatively.
Methods
The characteristics of the Seattle Heart Watch Coronary Arteriography Registry have been described. 6 Briefly, all five hospitals in Seattle performing coronary arteriography agreed to enter patients undergoing this procedure for suspected coronary disease. The extensive baseline data include items from the history, physical examination, ECG, chest film, treadmill exercise test, coronary arteriogram and left ventricular angiogram (tables 1 and 2). Most definitions have been published.6 A coronary collateral was defined as any visible collateral circulation to or between obstructed coronary arteries on the coronary arteriogram.
Records of 1867 patients entered into the angiography registry of Seattle Heart Watch who underwent coronary artery revascularization between January 1, 1969, and December 31, 1974, were analyzed for the presence or absence of perioperative myocardial infarction. Perioperative myocardial infarction was defined as the appearance within 1 week postoperatively of new Q waves (duration 2 0.02 second); widening of a preexisting Q wave by at least 0.02 sec- Figure 1 illustrates the actuarial survival probabilities of the groups of surgically treated patients with and without perioperative infarction. This shows significantly poorer survival in patients with perioperative infarction compared to patients without perioperative infarction (5-year survival probability 76% and 90%, respectively; p < 0.001). Operative death rates were not significantly different in the two groups (eight of 77 [10.4%] in the perioperative infarction group vs 89 of 1790 [5. 0%] in the noninfarction group; 0.05 < p < 0.10). Even when this nonsignificant difference in perioperative mortality is eliminated by excluding the operative deaths, the survival of the patients with perioperative infarction is significantly poorer than those without. Table 6 illustrates the results of the use of Cox's proportional hazards regression model for survival analysis. Perioperative myocardial infarction adversely affects long-term survival, even after adjusting for the seven other variables previously identified as predictive of survival" and the collateral vessel variable. From this analysis, the risk of death for patients with perioperative infarction is estimated to be 3.1 times as high as for comparable patients without perioperative infarctions.
Discussion
We have examined the baseline characteristics and late outcome of surgically treated coronary disease patients with and without perioperative myocardial infarction from the Seattle Heart Watch angiography registry. In this registry of patients revascularized from 1969-1974, we could not identify patients at increased risk for perioperative infarction on the basis of either baseline characteristics (except for a slightly greater prevalence of collateral vessels in patients without perioperative infarction) or operative variables. Patients with perioperative infarction do have significantly impaired late survival even though they were similar to patients without perioperative infarction at the time of surgery.
A conservative criterion for the diagnosis of perioperative myocardial infarction was used: presence of pathologic Q waves. Although some patients with perioperative infarction may not have been included,10 other means of myocardial infarction detection were felt to be unreliable'" (ST-T changes and increased total SGOT, LDH and CPK are often seen after cardiopulmonary bypass) or were unavailable (technetium pyrophosphate scanning, isoenzymes, vectorcardiogram). By requiring new Q waves to diagnose perioperative infarction, we have probably selected out patients with more myocardial necrosis than patients with other evidence of perioperative infarction but no ECG Q waves. Thus, the survival data might be biased against the perioperative infarction group. However, the development of new Q waves at coronary surgery identifies a subgroup of patients who clearly have impaired survival, even though they do not differ in any other significant fashion from those who do not develop new Q waves.
Except for the prevalence of collateral vessels, the characteristics of patients with perioperative myocardial infarction were similar to those without perioperative infarction (tables 1 and 2). Other investigators have observed an increased incidence of perioperative infarction in patients with severe or unstable angina,5' 12, 13 left main or three-vessel disease, '3-18, 20, 21 three or more grafts, 12' 14, 15, 18, 20 prolonged cardiopulmonary bypass, 3' 12, 13, 16, 18, 19, 21 increased left ventricular end-diastolic pressure, 13' 16, 18 and abnormal left ventricular ejection fraction or contraction. 13' 18 Perioperative infarction occurred more often in patients without collaterals. One might postulate that the presence of collaterals would be protective against perioperative infarction, but the fact that the association between presence of collaterals and decreased probability of perioperative infarction was the only significant association observed among the 44 variables considered suggests that this association could be due to chance. It would have to be observed in other studies before it could be given much credibility. However, it is physiologically plausible, and, if true, is one of the few demonstrations of a protective effect of coronary collaterals in man.
Late Survival
We found a greater operative mortality in patients with perioperative myocardial infarction (eight of 77 [10.4%]) than in patients without perioperative infarction (89 of 1790 [5.0%]), although this difference is not quite statistically significant (p = 0.064). Late survival was adversely affected in the perioperative infarction group ( fig. 1) . The Cox regression analysis confirms that the deleterious effect of perioperative infarction on survival was independent of other important survival-related variables and collateral vessels. Even when the operative deaths are excluded, perioperative infarction is predictive of impaired survival in the Cox model. Thus, perioperative infarction impairs late survival even when the differences in operative mortality are eliminated.
Myocardial infarction before coronary bypass surgery was not associated with impaired survival in our Seattle Heart Watch patients."
Review of Literature Undoubtedly, perioperative infarction is not a benign event, but there is evidence of reduced rate of perioperative infarction in recent years with refinement of operative techniques. '7 
